Abstract. We measured the secular variation of the 516 s period of the pre-white dwarf PG 1159-035 with new data and a method which measures the change of the period directly, obtaining a positive value: ( + 13.0±2.6) X10
INTRODUCTION
The power spectrum of the pre-white dwarf PG 1159-035 shows a dominant pulsation period of 516 s. All measurements to date of the secular variation rate of this period provided negative values, with the best result being P = (-2.49 ± 0.06) x 10~n s/s obtained from 264 hours of quasi-continuous WET observations (Winget et al. 1991) . These results were in agreement with the first theoretical estimates by Winget, Hansen and Van Horn (1983) , who used evolutionary models with the best treatment available at that time for the interior, envelope, equation of state and opacities. However, the models, used as a starting point of the evolutionary sequence, were polytropic and did not take into account the earlier stages of nuclear burning. They reached the neighborhood of PG 1159-035 in the HR diagram by gravitational contraction and heating through a curve with a roughly constant luminosity, at the position of the extended horizontal branch (EHB) (Winget et al. 1991) . Kawaler et al. (1985) and Kawaler (1986) recalculated the timescale using initial models that were the hot cores of evolutionary asymptotic giant branch stars. The envelopes were artificially removed to simulate observed mass loss and reproduce models of planetary nebula nuclei (PNN). They found that P for the 516 s pulsation period was always positive for PNN models with log(L/L0)<3. This result held for any of their model evolved from the AGB; the results were insensitive to the total stellar mass, surface layer mass and its chemical composition, nuclear shell burning, and core composition. Thus, all these models disagreed with the measured value of P. Kawaler & Bradley (1994) developed evolutionary models where the negative P appears because of "mode trapping". They show that if this is the real reason for the negative P of 516 s period, then "non-trapped" pulsation modes, like the 495 s and 451 s ones should not show a negative secular period variation. On the other hand, the 539 s mode, which was also trapped on their models, might also show a negative P. Costa et al. (1995) used a variant of the classical O-C diagram to estimate the secular variation rate of the 539 s period. The data included ~ 345 hours of the WET photometric data obtained in 1993. The result for this first measurement is -P539 -(-0.82±0.04) x 10 -n s/s, consistent with the mode trapping hypothesis, but they did not prove that the non-trapped modes had positive P values.
THE DIRECT METHOD
Because the value of P for the 516 s period is of the order of 10 -11 s/s, in ten years (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) ) PG 1159-035 should have a period change \AP\ of the order of 10 -3 s. Change of this size can be measured directly from the power spectra of the annual time series if the periods {Pi}i-1 ^ are determined with the sufficient precision, i.e., if the standard deviations of the periods, {ap t }t=i,...,iv> are l ess than the total period variation (ap { <C |AP|). We call this as the direct method (DM). We derive more realistic values for {crp ; } using a method based on Monte Carlo simulations (MCS) (Costa 1996; see Press et al. (1986) for a general discussion about the Monte Carlo techniques). Because we know the power spectrum of the time series data, we can construct an artificial data series similar to it. All the parameters of its sinusoidal components -periods, amplitudes and phases -are known. We can determine the actual error by comparing the Monte Carlo trial value with the known true value. Repeating this process many times will provide the empirical distribution of errors that defines the standard deviation of the measurement.
In order to reduce the errors in the estimates of a given period we use the sinusoidal subtraction technique, or pre-whitening, that consists in subtracting from the time series the largest possible number of other known periods in the data set.
NEW MEASUREMENTS OF P FOR PG 1159-035
For the direct method (DM) we use all the photometric data obtained during 1983, 1985, 1989 and 1993 . The data sets of 1979, 1980, 1981 and 1984 are too small to provide accurate periods. We determine the periods from the power spectra calculated with Deeming's (1975) discrete Fourier transform (DFT) algorithm, after the subtraction of the largest possible number of sinusoidal curves from the original data sets. It was possible to subtract 121 sinusoidals from the 1989 time series, 14 from the 1993 data set and by 7 from the 1983 and 1985 data sets. The phase functions (f>i = <f>hs (Si, P) were calculated by the least-squares from the reduced time series, and the api and a(f>i values were calculated by the MCS method. Table 1 shows our results, and Fig. 1 shows the period of the 516 s mode over time. Assuming a linear period variation A P
P(t) = Pr+^-(t-tr),
where tr is a reference date, PT = P(tr), Pr = 516.0271 ± 0.0008 s and AP/At = (+13.0 ± 2.6) x 10 -11 s/s.
with tr = 2445394.86339 BJDD (1983). The measured AP/At for the 516 s period is therefore positive and an order of magnitude greater than the previous measurement based on the O-C methods. The pulsational timescale rp, is:
T P = (1.26 ±0.25) x 10 5 yr.
This solution was present in the Winget et al. (1985) calculations, but was discarded as being of much lower probability. Date (244, 0000.+ BJDD) Fig. 1 . Variations of the 516 s period of PG 1159-035. The period variation is well fit by a straight line with a slope of (+13.0±2.6)xl0 -11 s/s.
SUMMARY AND CONCLUSIONS
The secular variation of the 516 s period is Ps 16 = (+13.0 ± 2.6) x 10~n s/s, positive as predicted by the theoretical models of Kawaler et al. (1985) and Kawaler (1986) .
The negative P value obtained by Winget et al. (1985) resulted from the classical O-C diagram method, using underestimated values for the standard deviations of the phases, derived by the least squares. This method masked the statistical significance of the result, assuming the data points were uncorrelated, aggravated by small number statistics. The data points are correlated by the presence of other periodicities in the finite data set. All later estimates (Winget et al. 1988 (Winget et al. , 1991 , though using larger data sets, used this first negative value as the initial value in their calculations, which explains the agreement between the results. These considerations also apply to the measurement of the secular variation of the 539 s period done by Costa et al. (1996) , which used the same process.
This erroneous result means that one should be cautious when estimating the precision of a measurement of phases of a sinusoidal signal. Estimates calculated by least-squares are, in general, much smaller than the actual values. More realistic values for the standard deviations must, if possible, be calculated in other ways, such as the Monte Carlo Simulations method. We also point out the importance of using the direct method, at least for the case of pulsating stars whose periods vary rapidly enough, as is the case of DOV stars.
New theoretical models for PG 1159-035 using the new P 5 ie estimates must be calculated to analyze if such a large P can be evolutionary or must be caused by other processes, as the stratification of the outer layers by diffusion. We are working on the estimates of the secular variation of other periods as the 539 s and 490 s periods, necessary to test, the theory of trapped modes.
